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ABSTRACT

This report docunents the cavern integrity test of Bayou Choctaw cavern 17
conduct ed between Cctober 16 and Decenber 30, 1985. This test included a

nitrogen leak test of the single cavern entry well, 17, at near maximm

operating pressure. Test results indicate a nitrogen |oss rate of 840

bbl/yr. This |eak rate can reasonably be assumed to correspond to an oil |o0ss
rate of 84 bvbl/yr, conpared to the Department of Energy loss |imt goal of 100

bbl/yr.
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| NTRCDUCTI ON

Bayou Choctaw cavern 17 was an ethane storage cavern fornmerly owned by
Uni on Texas Petrol eum (urP). Ethane was transferred from the cavern into
Bayou Choctaw cavern 102 in the sunmer of 1985. Bayou Choctaw cavern 102
owned by the U S. Departnent of Energy (DOE), was exchanged with UTP for Bayou
Choctaw cavern 17 effective Decenber 3, 1985. The DOE plans to use Bayou
Choctaw cavern 17 for crude oil storage in the Strategic Petrol eum Reserve
(SPR) program

As part of the exchange agreenent, UTP began a cavern integrity test
program on August 8, 1985. Responsibility for technical monitoring of the
test program was delegated to Sandi a National Laboratories (sNL) by the
DOE/SPR Project Uanagement O fice. PB/KBB, which is a contractor to the
managenent operation and maintenance contractor for SPR  Boeing Petrol eum
Service, Inc. (BpsI), worked with UTP and SNL in the inplenentation of the
test program At the tine thecavern exchange became effective on Decenber 3
1985, the cavern integrity test program had not been conpleted. The program
was continued to conpletion on Decenber 30, 1985, by SNL and PB/KBB.

. The planned test program included a brine-filled cavern pressure test
followed by a nitrogen well leak test as described in Ref. 1. The initial
brine-filled cavern pressure test was begun August 8, 1985. The test resulted
in significant transients due to interactions with cavern 15, which is
separated fromcavern 17 by a salt web which may be as thin as 100 feet.
Results of this test have not been satisfactorily interpreted. Following this
initial brine pressure test, the cavern was depressurized, hangi ng strings
were renoved fromthe well, and a sonar survey of the cavernwas perforned.

A nitrogen well leak test of the single entry well, 17, was started
Cctober 16, 1985. This nitrogen well test is considered an adequate cavern
integrity test and is documented herein.



INTRODUCTION

Bayou Choctaw cavern 17 was an ethane storage cavern formerly owned by
Uni on Texas Petrol eum (utp). Ethane was transferred from the cavern into
Bayou Choctaw cavern 102 in the summer of 1985. Bayou Choctaw cavern 102,
owned by the U S. Departnent of Energy (WE), wasexchanged with UTP for Bayou
Choctaw cavern 17 effective Decenber 3, 1985, The DCE plans to use Bayou
Choctaw cavern 17 for crude oil storage in the Strategic Petrol eum Reserve
(SPR) program

As part of the exchange agreenent, UTP began a cavern integrity test
program on August 8, 1985. Responsibility for technical monitoring of the
test program was delegated to Sandia National Laboratories (sSNL) by the
DOE/SPR Project Management Ofice. PB/KBB, which is a contractor to the
managenent operation and mai ntenance contractor for SPR, Boeing Petrol eum
Service, Inc. (BpsI), worked with UTP and SNL in the inplenmentation of the
test program At the time the cavern exchange becane effective on Decenber 3
1985, the cavern integrity test program had not been conpleted. The program
was continued to conpletion on Decenber 30, 1985, by SNL and PB/KBB.

_ The planned test program included a brine-filled cavern pressure test
followed by a nitrogen well |eak test as described in Ref. 1. The initia
brine-filled cavern pressure test was begun August 8, 1985. The test resulted
in significant transients due to interactions with cavern 15, which is
separated fromcavern 17 by a salt web which may be as thin as 100 feet.
Results of this test have not been satisfactorily interpreted. Following this
initial brine pressure test, the cavern was depressurized, hanging strings
were renoved fromthe well, and a sonar survey of the cavern was perfornmed.

A nitrogen well leak test of the single entry well, 17, was started
Cctober 16, 1985. This nitrogen well test is considered an adequate cavern
integrity test and is documented herein.



CAVERN DESCRI PTI ON

Ccross sections of the cavern in the north-south and the east-west
directions are shown in Figures 1 and 2, respectively. These figures are from
a sonar survey of September 30, 1985, (Ref. 2) which indicates a cavern vol ume
of 10.76 x 10® bbl .

The entry well into the cavern, well 17, has a 20-inch casing to a depth
of 594 feet, a 13-3/8-inch |ast cenented casing to 2597 feet, and a
10-3/4-inch | iner cenented to 2536 feet. Asindicated by Figures 1 and 2, the
cavern opens to a diameter of about 50 feet very near the casing seat.

| NSTRUMENTATI ON

Pressure

Wellhead pressure on cavern 17 was neasured using a Sperry Sun *Mr. Six"
pressure recording system A separate Sperry Sun "Mr. Six" system was used
for nmeasuring wellhead o0il and brine pressures on the adjacent cavern 15. It
was considered inportant to nonitor pressures in cavern 15 because of the
relatively thin web between the two caverns, the interaction between the two
caverns due to pressure changes, and the probability that any |eak which m ght
occur in cavern 17 below the well would probably be into cavern 15

Each "M. Six" system sequentially digitized and recorded on paper tape
the wellhead pressure and pressure probe tenperature for each individual probe
at pre-selected time intervals.  Subsequently, the data fromthe "Mr. Six"
paper tapes were stored on magnetic tape for processing with a Hew ett Packard
85 conputer.

Flow

Brine volume injected into cavern 17 was neasured by UTP using a 4-inch
Hal I'i burton turbine flow neter. Ol volune injected into cavern 15 was
measured by BPS using the SPR site custody transfer meter, a lo-inch Daniels
turbine meter



Nitrogen Xeasur enent
In preparation for the nitrogen well leak test, nitrogen was injected into
the well and measured by NOASCO using a mass flow neasurenent system devel oped

by Mcro Motion. During nitrogen injection into the |ower cased part of the
wel | and the open hol e below, weight of nitrogen injected was recorded
simul taneously with pressure and nitrogen-brine interface depth.

Interface Depth
Ni trogen-brine interface depth was nmeasured by use of an AGAR interface

detector. The detector transmitted a radio frequency signal from an antenna
into the fluids. The attenuation level of the transmtted signal was
indicative of the location of the interface on the antenna. For depths down
to 2596 feet, recorded interface depths were those indicated by the digital
depth neter on the interface tool wire line system Increnents of interface
movement bel ow 2596 feet, where the borehole rapidly enlarged, were determ ned
by neasuring distance between a fixed point on the wellhead and an arbitrary
marker on the interface tool wre line.

TEST DESCRI PTI ON

Cavern Pressurization

Cavern 17 was pressurized to a surface pressure of 652 psig (a pressure
gradient of 0.77 psi/ft to the casing seat, conpared with a maxi mum worKking
pressure gradient of 0.79 psisft) by injection of brine through a turbine flow
meter during a two-day period starting Cctober 16 (see Figure 3a at times of 9
to 58 hours). Concurrently, cavern 15 was pressurized to 933 psig by
injection of oil through a turbine flow meter into well 15, which is a slick
hole (see Figures 3c and 3d at times of 9 to 46 hours). The two cavernswere
pressurized concurrently in order to minimze the change in pressure
di fference across the thin salt web between the two caverns. The pressure in
cavern 17 at the 2600-foot depth was higher than that in cavern 15 at the sane
depth by about 100 psi at both the beginning and end of the pressurizations.
During the pressurizations, the pressure in cavern 17 was higher by val ues
rangi ng from about 20 to 130 psi.



Fol | owi ng pressurization, cavern 17 was shut in for about 5 days (to 177
hours on Figure 3a).

Nitrogen | nj ection

On Cctober 23-25, nitrogen was injected into well 17 to a depth about 2
feet below the casing seat, at which time the wellhead pressure was 1856 psig
(see Figure 3a at 177 to 203 hours).

Ni trogen wei ght and wellhead pressure were recorded at nitrogen-brine
interface depths from 1500 to 2500 feet at intervals of 100 feet, from 2500 to
2596 feet at intervals as small as 6 feet, and bel ow 2596.5 feet at intervals
of inches and fractions thereof. These nmeasurenents were for the purpose of
cal cul ating borehole vol ume bel ow the casing seat. The procedure used for the
calculation is described in Appendix A of Ref. 3.

TEST RESULTS

Cavern FElasticity

Cavern 17 pressure-volume data during pressurization are presented in

Figure 4a and indicate an average elasticity value of 31.3 bbl/psi for the
brine-filled cavern. Cavern 15 data are presented in Figure 4b. For cavern
15, brine pressures indicate an average elasticity value of 89.4 bbl/psi,
whereas oil pressures indicate an elasticity value of 82.9 bbl/psi forthis
oil-filled cavern. The difference has not been explained.
For cavern 17, wth a reported volume of 10.76 x 10° bbl, and filled
with brine having an elasticity of 2.25 x 10'6 bbl/bbl/psi, thecavern fluid
elasticity woul d be 24.2 bblspsi. This indicates that of the 31.3 bbl/psi
val ue determned from pressurization results, 7.1 bbl/psi is due to salt
elasticity



Cavern 15 has a reported vol ume of 16.46 x 10° bbl and contains an o
volume of 16.13 x 10% bbl. Wth the remaining volume filled with brine, and
with an assumed oil elasticity of 4.97 x 107% bbl/bbl/psi, the cavern fluid
elasticity is 80.9 bblspsi. The cavern elasticity of 89.4 bbl/psi, indicated
by the brine pressure results of Figure 4, would correspond to a salt
elasticity of 8.5 bblspsi. The cavern elasticity indicated by the oil
pressure data of Figure 4 would correspond to a salt elasticity of only 2.0
bbl/psi.

Cavern Shut-In at Muxi num Operating Pressure

The cavern 17 pressures follow ng shut-in at maxi num operating pressure
are shownon the expanded scal e plot of Figure 3b. The gap in the data
occurred when the "Mr. Six" had to be renoved for repair. | medi at el y
following re-installation, pressure readings were unexplainably high for about
6 hours. Wth the exception of these readings, the results of Figure 3b are
as normal |y expected for a "good" cavern with pressures decaying follow ng
pressurization and shut-in, but with the rate of decay decreasing with tine.

Borehole Caliper from Measurements During Nitrogen Injection

Cal cul ated nitrogen colum cross-sectional areas for well 17, using the
procedures described in Appendix A of Ref. 3, are shown in Figure 5. Included
in the figure are measured values of interface depth, wellhead nitrogen
pressure, and incremental values of nitrogen weight injected between interface
dept hs.

In defining the interface depths of Figure 5 depths down to 2596 feet
were obtained directly fromthe digital depth neter on the interface tool wre
line system Below 2596 feet, it was apparent that nitrogen was spilling out
into an enlarged cross section. The first neasurenent follow ng that at 2596
feet was called 2596.5 feet. Subsequent incremental depth readings were
determ ned from nmeasurenments between a reference point on the wellhead and an
arbitrary reference point on the wire |ine. These neasurenents were made
using a steel scale and readings were to the nearest one-sixteenth of an inch
(o.oosfoot). Wiile the interface depths of Figure 5 are certainly not as



accurate as inplied by the readings, the increments below 2596.5 feet are
bel i eved accurate to well under one inch. The increnments are of primry
i mportance in calculation of nitrogen colum cross-sectional area.

Figure sa includes cal culated cross sections in the cased part of the well
and Figure sb includes calculated values bel ow the casing seat. The average
cross-sectional area cal culated for depths between 1507 and 2500 feet is equa
to the known cross-sectional area of the 10 3/4-inch liner. This correct
value of calculated area was forced by adjusting the scale factor for the
nitrogen measuring systemto 0.907. This same scale factor was used for
cal culation of cross-sectional areas below the casing seat. Below a depth of
2596.5 feet, the average cross-sectional area indicated by the |ower graph of
Figure 5 is 3239 square feet, with deviations of +45 and -42 percent. It is
believed realistic to consider the cross-sectional area constant below a depth
of 2596.5 feet, since the deviations can be attributed to interface errors of
wel | under one inch. The average 3239 square foot cross section corresponds
to a volune of 48.08 bbl/in. It is believed that errors in this value of
vol ume do not exceed 50 percent.

Ni trogen Leak Test

Nitrogen injection into well 17 was conpleted on Cctober 24 and interface
depth measurenents were begun on Cctober 28. on Cctober 29, the AGAR tool was
renoved fromthe well because of a concern that hurricane JUAN wi nds might
cause wellhead damage wWith the |ong (about 20 feet) lubricator assenbly
attached to the wellhead. on Novenmber 1, the AGAR tool was put back in the
well with an additional 5 feet of sinker bar and wellhead | ubricator. Because
of the different wellhead configuration, it was necessary to establish a new
reference mark on the wire line and begin again with the interface
nmeasurenments. Interface neasurenents were made on Novenber 1, 8, 14, and 19
by I owering the AGAR tool into the brine, pulling the tool up slowy, stopping
the tool when a light came on indicating the interface, and then neasuring the
di stance between the reference points on the wellhead and wire line. Results
obtained using this technique were not satisfactory.

10 -



On Novenber 21, the technique for nmeasuring interface depth was changed.
Wth the AGAR tool slightly below the interface, the tool was raised in
increnments of less than 0.5 inch and stopped at each depth to see if the
interface indicator light would come on. If it did, the reference distance
woul d be neasured. If it did not, within a few mnutes, the sequence would be
repeated until the interface was |ocated, and the reference distance would
t hen be neasured. This process was repeated eight to ten times on nine
separate days between Novenber 21 and Decenber 30. Results of these
measurements are presented in Figure 6. A linear regression of the data of
Figure 6 indicates the interface moving up at a rate of 0.00201 in/hr, With a
standard error in rate of 12 percent. The cal cul ated novenment rate
corresponds to a novenent of 1.884 inches between the initial and final
interface neasurements spanning 937.3 hours. Wth the previously estinated
borehole vol ume of 48.08 bblsin, the interface novenent rate corresponds to a
vol ume change of 90.6 bbl between the initial and final interface nmeasurenents.

Nitrogen volune |oss rate is calculated by ussof the follow ng equation
(Eq. 4 of Ref. 1).

Aig = Y [—Q—M], wher e (1)

- P v
o (o]

Avid= Vol ume | ost neasured at initial nitrogen density inwel,

VO = Initial total volune of nitrogen in the well,

P = Initial nitrogen pressure at the wellhead, absolute,

Ap = Change in wellhead pressure during test period, and

aAv = Change in nitrogen volume in well during test period.

Wellhead nitrogen pressure follow ng conpletion of nitrogen injection into
wel | 17 and cavern 15 pressures follow ng conpletion of pressurization with
oil are included in Figure 7. Ni trogen pressure readings have significant
fluctuations due to the effects of daily tenperature cycles on the pressure
probe. These fluctuations make it difficult to determne the pressure change
AP, in the above equation during any tinme period of

11 -



interest. In an attenpt to nore accurately define pressure values,
tenperature effects were analytically remved fromthe pressure data during
the time that valid interface data were being obtained. This was acconplished
by performng |east square fits to the pressure results assumng a |inear
variation of pressure with both time and tenperature:

P=al + a2 x hours + a, X °F , (2)
wher e a, are constants determned by the curve fit.

Measured pressure values are presented on expanded scale plots in Figures
8a (for times of 864 to 1344 hours) and 9a (for times of 1344 to 1824 hours).
Corvesponding measured probe tenperatures are presented in Figures 8b and 9b.
Least squares fits of the above equation to five-day segnents of the data were
made.  The resulting equations are shown in Figures 8a and 9a, and the |ines
drawn in these graphs show the fit of the equations to the data

The |ower graphs, Figures 8c and 9c, include pressures corrected to the
average tenperature ofthe five-day segments of data and the fitted variations
with time. The msmatches of the adjacent five-day segments of data are due
to differences in average tenperature.

The fitting equations at the top of the figures are used to determine
pressures at the time of the first and last interface measurements of Figure
6. At a constant tenperature of 72°F, the equations indicate a pressure of
1830.93 psig at 873 hours and 1832.51 psig at 1810.3 hours. It is believed
that errors in pressure would correspond to a maxi mumerror of 2 psi in
pressure change during this time interval.

At conpletion of nitrogen injection at 203 hours, nitrogen volume in the
well from the known volume of the casing plus thevolume calculated from
nitrogen wei ght measurenents below the casing seat was 1002 bbl.  Assum ng the
nitrogen volume change rate from 203 to 873 hours was the sane as that
nmeasured between 873 and 1810.3 hours, the total volune at 873 hours,
corrected to the lower pressure at that time, was 953 bbl.  The above vol une
|l oss rate equation then yields:

12 -



Avid = 0.53 [— 1832 5-1835-93-1636-93- -90.;L% = 89.77 bbl (3)

Wth an el apsed timeof 937.3 hours, this corresponds to a nitrogen vol une
| oss rate of 840 vbl/yr. It has been proposed in Ref. 4 that it is reasonable
to assune a value of 10 for the ratio of volumetric nitrogen-to-oil |eak
rates. Wth this assunption, the above nitrogen |loss rate corresponds to 84
bbl/yr oil loss rate, conpared to the DOE loss limt goal of 100 bbl/yr per
cavern.  Previously nentioned errors of SO percent estinmated maximum error in
borehole Cross-sectional area, 12-percent standard error in interface novenent
rate, and maxi num estimted 2 psi error in pressure change, could correspond
to an error in nitrogen loss rate as high as 70 percent.

Interaction Between Caverns 17 and 15
Because of the relatively thin web between caverns 17 and 15, any externa
comuni cation of cavern 17 will probably be with cavern 15. [t is thus

inportant to look at pressures in the two caverns for any indication of such
communi cati on.

The pressure difference across the web between the two caverns at a tine
of 168 hours, shortly before beginning nitrogen injection into well 17, is
shown in Figure 10. The pressure in cavern 17 was about 100 psi higher at the
roof than that in cavern 15 at the same depth, and the difference increased
with depth. At the end of the test, 1810.3 hours, the pressure in cavern 17
at the 2600-foot depth was 83 psi above that in cavern 15. Thus, any
communi cation between these caverns during the test would be a fluid transfer
fromcavern 17 to 15.

There is nothing in the data of Figure 7 which indicate any comunication
between the two caverns. The pressure decrease in cavern 17 up to about 1100
hours is acconpanied by increasing pressure in cavern 15. Wile this result
is consistent with a transfer of liquid fromcavern 17 to cavern 15, the
pressures in both caverns vary in a manner normally expected for good

13 -



caverns. That is, pressures decay after pressurization and shut-in, and the
rate of decay decreases with time. After a few days for cavern 15 and a few
weeks for cavern 17, the pressures begin to increase. By the end of the test,
the pressures could be interpreted to indicate a near steady-state creep
closure.

Figures 11 and 12 are expanded scale plots of oil pressure in cavern 15,
oil pressure probe temperature, and five-day segments of pressure data
corrected to average probe temperature. The format of the plots is the same
as that for cavern 17 data in Figures 8 and 9. The effects of temperature on
cavern 15 probe pressure reading are of lesser magnitude than those shown for
cavern 17 results in Figures 8 and 9.

Pressure change rates from least squares fits of cavern 17 and 15 data
from Figures 8, 9, 11, and 12 are summarized in Figure 13. These results
indicate that for about the last 20 days (480 hours) pressure increase rates
for the two caverns are roughly comparable.

While the pressures do not indicate any communication between the two
caverns, it should be noted that sufficient evidence is not available to
absolutely preclude such communication.

CONCLUSIONS

The test results indicate no reason to question the integrity of Bayou
Choctaw cavern 17. Pressure variations with time are as would normally be
expected for a good cavern.

A nitrogen leak test was made of well 17. The estimated well leak rate
was 840 bbl/yr of nitrogen. This leak rate can reasonably be assumed to
correspond to an oil loss rate of 84 bbl/yr, compared to the DOE loss limit
goal of 100 bbl/yr per cavern.
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sq ft in part of well lined with 10-3/k-inch casing.)
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INCHES
w W s
©® © O

INTERFACE READING,
W
~
i

HoursFrom Inches From Hours From InchesFrom HoursFrom Inches Fmm

Reference RefInterface Reference Ref Interface Reference Ref Interface
Times* Deptht Times* Deptht Times* Deptht
673 39.875 1210 36.75 1499 39.125
873 40 1210 36.1675 1499 39.0625
673 39.875 1210 37.9375 1498 38.5625

73 35i5 1210 36.875 1409 37.3125
873 40 1210 38.75 1493 38.125
ar3 40.125 1210 38.8125 1499 38.6
673 39.625 1210 39.25 1439 36.3125
673 39.75 1210 39.25 1499 385

1210 38.125 1499 38.25
993.5 39.5625 1483 38.25
9935 39.25 1311 38.625
993.6 39.875 1311 39 1643.5 36.1675
933.6 40.0625 1311 38.375 1643.5 38.75
8935 39.625 1311 39.1675 1643.5 36.3175
993.5 39.1875 1311 38.5625 1643.5 37,6256
993.5 39.8875 1311 39.0625 1643.5 36.375
9935 32.5625 1311 38375 1643.5 38625
1311 39 1643.6 38
1143 39.4375 1643.5 36.1675
1143 39.9375 1407 38.625 1643.5 38.125
1143 39.25 1407 36.625
1143 39.5 1407 38.15 1810.3 37.6125
1143 39.625 1407 36.6875 1610.3 38.1875
1143 39.0625 1407 388125 1610.3 38
1143 39.0625 1407 38.9375 1810.3 37.75
1143 39 1407 36.3125 1810.3 38.25
1407 36.3125 1810.3 375
1610.3 36
1610.3 36.1675
1610.3 37.675

*Relerence time 00:00 hours on 10/16/85
tReference inter{ace depth is or arbitrary reference near the casing seat used for measurernent of nitrogen-brine interface
movement in the enlarged bore-hoie below the cating seat.

- )
-
.
.

FROM LINEAR REGRESSION

EQUATION FOR INTERFACE DEPTH
MEASURED IN INCHES FROM AN

ARBITRARY REFERENCE DEPTH IS :
DEPTH =4 1.464 - 0.0020 1 X HOURS

STANDARD ERROR IN MOVEMENT
| TSR B RATE IS 0.0002395 INCHES

850 1150 1450 1750  PERHOUR
HOURS

Figure 6. DNitrogen-Brine Interface Depth Measurements.
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Figure Ta. Well 17 Nitrogen Pressure.
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Figure 7b. Well 15A QG| Pressure.
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Figure 7c. Well 15A Brine Pressure.
Figure'l. Wellhead Pressures Following Cavern 17 Pressurization and

Nitrogen Injection into Well 17 and Following Pressurization
of Cavern 15 (zero hours at 00:00 on 10/16/85),
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PRESS (PSIG)=-1844.245 PRESS (PSIG) = 1838.645 PRESS (PSIG) =1834.439 PRESS (PSIG)=1837.963

(4] 1838 -0.0083 155 x HOURS -0.0035629 x HOURS ' + 0.0025792 x HOURS | -0.0004735 x HOURS
‘7’ 1836 } -0.084057 x DEG F -0.073944 x DEG F -0.102552 x DEG F -0.098608 x DEG F
a
~-1834 |-
&
1832 ' . »
3 %’f"" ! AR s i -
» 1830 %W . g w ]
W 125 |- & f W
W 1828 ” f y.
R. 1826 + L
864 912 960 1008 1056 1104 1152 1200 1248 1296 1344
TIME, HOURS
Figure B8a. Pressure Data Showing Wathematical Fit to Five Day Sepments
120 of Data.
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Figure 8b. Pressure Probe Tenperature.
---- __ +MEAS PRESS CORRECTED + MEAS PRESS CORRECTED + YEAS PRESS CORRECTED + MEAS PRESS CORRECTED
1836 |- TO AVE TEMP. 82.04 F TO AVE TEMP, 87.03 F TO AVE TEMP, 71.77 F TO AVE TEMP, 75.93 F

| | | | | | n | | . i 2 ]

912 960 1008 1056 1104 1152 1200 1248 1296 1344
TIME, HOURS
Figure 8c. Five Day Segments of Fressure Data Corrected to Average
Tenper at ure.
Figure 8. Bayou Choctaw Cavern 17 Wellhead ©Nitrogen Pressures an?
Pressure Probe Tenperatures During Early Interface
Measur ement s. (Zero hours at 00:00 on 10/16/85.)
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TEMP, DEG F PRESSURE, PSIG

PRESSURE. PSIG

PRESS (PSIG) =1825.690 PRESS (PSIG)=1836.940 PRESS (PSIQ) = 1836.4 13 PRESS (PSIG)=1835.091

1838 +0.0090 154 xHOURS | +0.0015035 x HOURS |  +0.0018295 x HOURS +0.0030375 x HOURS

1838 | -0.104991 x DEG F -0.110822 x DEG F -0.107087 x DEG F -0. 11zzoe x DEG F
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Fipgure 9a. Pressure Data Showing Mathematical Fit to Five Day Segments

120 of Data.
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Figure 9b. Pressure Probe Tenperature.
,838 —~ +MEAS PRESS CORRECTED + MEAS PRESS CORRECTED + MEAS PRESS CORRECTED + MEAS PRESS CORRECTED
TO AVE TEMP, 65.52 F TO AVE TEMP, 60.89 F TO AVE TEMP. 64.76 F TO AVE TEMP, 63.47 F
1836 |-
1834 |- W”w"t
ﬁw’# T
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1828 |~
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Figure oc. Five Day Segnents of Pressure Data Corrected to Average
Tenper at ure.

Figure 9. Bayou Choctaw Cavern 17 Wellhead N trogen Pressures and
Pressure Probe Tenperatures Durine Latter Interface
Measur ements. (Zero hours at n0:00 on 10/16/85.)
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Figure 10.

PRESSURE, PSIG

Down Hol e Pressures in Caverns Bayou Choctaw 17 and 15

| ndi cating Pressure D fference Across Wb Between the Two
Caverns with Wellhead Pressures Measured at 148 Hours
After Test Start (cavern 17 Extends from Depths of 2630 to
4000 Feet and Cavern 15 Extends from Depths of 2400 to
3303 Feet).



TEMP, DEG F PRESSURE, PSIG

PRESSURE, PSIG

942 ~ PRESS (PSIG)=921.808 PRESS (PSIG)=924.486 PRESS (PSIG)=922.860 PRESS (PSIG)=921.831
+0.009 1854 x HOURS +0.0067454 x HOURS +0.0087743 x HOURS +0.0078586 x HOURS

940 | +0.036385 x DEG F C0.031874 x DEG F to.050503 x DEG F +0.045251x DEG F
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Fieure 11a. pressure Data Showing Mthematical Fit to Five Day Serments
120 of Data.
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Figure 11b. Pressure Probe Tenperature.
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Figure llc. Five Day Segnents of Pressure Data Corrected to Average
Tenper at ur e. .

Figure 11. Rayou Choctaw Cavern 15 Wellhead 0il Pressures and Pressure
Probe Tenperatures During Early Interface Measurement in
Cavern 17?. (Zero hours at 0p:00 on 10/16/85.)
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PRESS (PSIG)=924.598 PRESS (PSIG)=921.576 PRESS (PS1G)=929.110 PRESS (PSIG)=-921.861

942
o [ t0.0053003 x HOURS | +0.0073813 x HOURS +0.0025338 x HOURS | +0.0070298 x HOURS |
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Figure 12a. Pressure Data Chowing Mathematical Fit to Five Day “esments
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Fisure 12b. Pressure Probe Tenperature.
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Firurc 12c. Five Day Segments of Pressure Data Corrected to Average
Tenper at ure.

Firsure 12. Bayou Choctaw Cavern 15 Wellhead QI Pressures and Pressure
Probe Tenperatures During Latter Interface Measurements in
Cavern 17. (Zero hours at 00:00 on 10/16/85.)
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